A new, efficient and environmentally benign protocol for the one-pot, multicomponent synthesis of 4,4'-arylmethylene-bis(3-methyl-1-phenyl-1H-pyrazol-5-ols) by condensation of aryl aldehydes, phenyl hydrazine and ethyl acetoacetate catalyzed by Ce(SO 4 ) 2 . 4H 2 O as an ecofriendly catalyst with high catalytic activity and reusability at 125 °C under solvent-free conditions is reported. The reaction proceeds to completion within 5-12 min in 81-98% yield. This new green methodology is of interest due to minimizing the cost of operational hazards and environmental pollution, its excellent yields, short reaction time and high catalyst activity and reusability.
Introduction
Green chemistry emphasizes the development of environmentally benign chemical processes and technologies [1] . According to the principle of safe and green chemistry, synthetic method should be designed to use substances that exhibit little or no toxicity to human health and the environment [1] . Recent endeavours have focused on limiting the use of organic solvents and replacing them with environmentally benign media. Multicomponent reactions (MCRs) comply with the principles of green chemistry in terms of economy of steps as well as many of the stringent criteria of an ideal organic synthesis [2] . The rapid assembly of molecular diversity utilizing multicomponent reaction has received a great deal of importance in synthetic organic chemistry, due to their atom economy, selectivity, simplicity in the procedure and equipment, time, and cost saving [3, 4] .
Nowadays, the pyrazolone derivatives were paid much attention for their various biological activities such as anti-tumor [5, 6] , a selective COX-2 inhibitory [7] and cytokine inhibitors [8] . The compounds that contain two pyrazolone rings can be used as gastric secretion stimulatory [9] , antidepressant [10] or antibacterial [11, 12] . Moreover, these compounds are applied as fungicides [13] , pesticides [14] , insecticides [15] and dyestuffs [16] . Due to the possible importance of these compounds and our interest in the development of heterocyclic drug-like compounds [17] , in this study, I wish to report the synthesis of some heterocycle-based chromophores centered on pyrazolone.
Numerous synthetic methods have been reported for the preparation of 4,4'-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ols) under classical or modified conditions [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
However, some of these methods suffer from expensive reagents, low yields, prolonged reaction times, use of toxic organic solvents, and tedious work-up procedures. Thus, a search for new reagents and the development of new methods are still of practical importance.
In this regard, I decided to explore the possibility of synthesizing 4,4'-(arylmethylene)bis(3-methyl-1-phenyl-pyrazol-5-ols) via a novel, one-pot, multi-component condensation of phenyl hydrazine (2 equiv), ethyl acetoacetate (2 equiv) and aromatic aldehydes (1 equiv) under solvent-free conditions using Ce(SO 4 ) 2 . 4H 2 O as a recyclable catalyst with high catalytic activity (Scheme 1).
Results and Discussion
This protocol offers flexibility in tuning the molecular complexity and diversity. The reactions proceeded to completion very rapidly, and pure product was obtained, without using any chromatographic techniques, simply by recrystallization from ethanol. Comparison of the reaction times and the yields of 4,4'-(arylmethylene)bis(3-methyl-1-phenyl-pyrazol-5-ols) with the reported conventional chemical approach in the literature was shown, this method is more efficient, requires less time and catalyst loading.
To develop optimum conditions, first, the effect of temperature on the rate of the reaction was studied for the preparation of 4,4'-(arylmethylene)bis(3-methyl-1-phenyl-pyrazol-5-ols). At 125 °C, the reactions proceeded to completion very rapidly. A decrease in temperature leads to decreasing product yields and rate of reaction. It was observed that the reaction did not proceed at room temperature (Table 1) .
With these optimistic results in hand, further investigation was carried out for the catalytic evaluation of cerium (IV) sulfate for the optimum reaction conditions. The increase in the amount of cerium (IV) sulfate up to 10 mol% did not show much difference in terms of yield or reaction time. As summarized in Table 1 , the best result was obtained by the application of 1.2 mol% of Ce(SO 4 ) 2 . 4H 2 O at 125 °C in neat conditions.
The generality of the reaction was investigated by using different aromatic aldehydes under thermal conditions (Table  2) . Various aromatic aldehydes having electron-withdrawing groups such as nitro and halide groups or electron-donating groups such as hydroxyl and alkoxy groups undergo smooth condensation with excellent yields of products in high purity. Steric hindrance seems to have no significant effects on the yields.
A reasonable mechanism for the formation of -0 (Table  2) is proposed in Scheme 2. The reaction occurs via the initial formation of the phenylhydrazone A from condensation of ethyl acetoacetate and phenylhydrazine2 which subsequently cyclizes to afford the desired compound 3. The second step involves the formation of benzylidene B by the nucleophilic addition of 1-phenyl-3-methyl-5-pyrazolone 3 to aromatic aldehyde 4 followed by dehydration. Then, the second molecule of 1-phenyl-3-methyl-5-pyrazolone 3 is added to intermediate B by the Michael addition fashion to give 4,4'-(arylmethylene)bis(3-methyl-1-phenyl-pyrazol-5-ols) 5.
In addition, it was found that Ce(SO 4 ) 2 . 4H 2 O can be reused several times without any loss of its activity, simply by adding H 2 O to the reaction mixture followed by filtering the soluble catalyst from the solid products, distillation of solvent, washing with dichloromethane and drying at 60°C (Fig. 1) .
Experimental General
Melting points were recorded on a Gallenkamp melting point apparatus and are uncorrected. NMR spectra were recorded at 500 ( 1 H) and 125 ( 13 C) MHz on a Bruker DRX-500 Avance spectrometer, respectively. Chemical shifts (δ) are reported relative to TMS ( 1 H) and DMSO-d 6 ( 13 C) as the internal standards. IR spectra were measured on a Mattson 1000 FT-IR spectrophotometer. [29] a Yields refer to isolated pure products. Table  2 , entry 3) 4-Chlorobenzaldehyde (0.14 g, 1 mmol) was added to a mixture of phenylhydrazine (0.21 g, 2 mmol), ethyl acetoacetate (0.26 g, 2 mmol) and Ce(SO 4 ) 2 . 4H 2 O (10 mg, 1.2 mol%) in a test tube at 125 °C. The reaction was complete within 10 min (TLC). The reaction was cooled to 45 °C , then H 2 O (10 mL) was added and the mixture and stirred for 5 min. The solid residue was filtered and isolated from the soluble catalyst. The solid product was purified by recrystallization from aqueous ethanol (25%). All compounds were known in the literature [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and the NMR and IR spectra of the products were in agreement with earlier data. 
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Conclusion
In summary, an efficient protocol for the one-pot synthesis of 4,4'-(arylmethylene)bis(3-methyl-1-phenyl-pyrazol-5-ols) derivatives has been described under thermal solvent-free conditions using inexpensive starting materials. To the best of our knowledge, this new procedure represents the first example of an efficient synthetic method for these derivatives via a multicomponent reaction. 
